A AB BS S T TR RA AC CT T O Ob bj je ec ct ti iv ve e: : Brain death is defined as the irreversible loss of consciousness and all functions of the brain stem. The accuracy and urgency of a diagnosis of brain death in children are highly important, because of the increasing rate of organ transplantation. Our objective was to describe the features of cases where "brain death" was diagnosed in the last five years. M Ma at te er ri ia al l a an nd d M Me et th ho od ds s: : Demographical, clinical, electroencephalographic (EEG), Doppler ultrasonography and static single-photon emission computerized tomography (SPECT) characteristics were evaluated retrospectively in hospitalized with loss of brain stem functions and deep coma. R Re es su ul lt ts s: : Twenty eight patients (8 girls/20 boys) were evaluated in this study. The median age was 72 months (10-210 months). Transcranial Doppler ultrasonography was performed in 18 (64%) patients. The cerebral catheter angiography was used in one patient. SPECT was used in eleven (40%) patients as a confirmatory test. Diabetes insipidus was present in 75% (n=21) and hypothermia was present in 50% (n=14) of the patients. C Co on nc cl lu us si io on n: : We observed that serial Doppler Ultrasonography and SPECT benefited us more than other techniques in our study. Transcranial Doppler is useful and has some advantages: such as noninvasiveness, rapid application, easy bedside operation, portability, no disturbance from sedatives, repeatability and relatively low price. We conclude that diabetes insipidus may be an indicator of brain death, and an observation of diabetes insipidus should accelerate confirmatory tests and treatment immediately.
B rain death is defined as the irreversible loss of consciousness and all functions of the brain stem. 1, 2 The concept of brain death is accepted clinically, ethically and legally in our country. The accuracy and urgency of brain death diagnosis in children is increasingly important because of the increasing rate of organ donation. Therefore the determination of brain death should be made accurately and in a timely manner.
In our country, legal arrangement related to brain death is regulated by the Guide of Organ and Tissue Transplantation Services published in the official journal with the number 28191 on 01/02/2012. The clinical criteria of brain death included unresponsiveness, the absence of movement and spontaneous breathing accompanied with the absence of brainstem reflexes such as light, oculocephalic, vestibulo-ocular, corneal, palatal and tracheal reflexes. The physical examination should be evaluated twice at 12-48 hour intervals, according to age, and in our country the diagnosis should be confirmed with at least one ancillary test. Our objective was to describe the features of cases, where 'Brain Death' was diagnosed in the last five years, at the Akdeniz University Department of Pediatrics.
MATERIAL AND METHODS
Demographical, clinical, electroencephalographic (EEG) and Doppler Ultrasonography characteristics of the patients, which were hospitalized in the Akdeniz University Hospital with loss of brain stem function and deep coma, between July 2007 and June 2013 has been evaluated retrospectively. The diagnosis of brain death was established with physical examination (repeated after 24 or 48 hours according to the age group), at least 1 confirmatory test and an apnea test (Table 1) . The age and gender of patients, clinical features such as diabetes insipidus (DI) and hypothermia, the duration of hospitalization, and the EEG and Doppler Ultrasonography findings were also noted. DI was defined as polyuria (urine output >4 mL/kg/hr for children <70 kg, >300 mL/hr for adult-sized children ≥ 70 kg) for at least two consecutive hours, hypernatremia (Serum Na >145 mmol/L), high serum osmolality (>300 mOsm/kg) and low urine osmolality (<300 mOsm/kg) at the time of diagnosis. 3 In the apnea test, the patients were supplied with 100% O 2 at 6 L/min with a cannula placed into the trachea until the superior part of the carina by endotracheal tube or tracheostomy cannula before the test. If PaCO 2 was 60 mmHg or higher and respiratory movements were absent, the apnea test was evaluated as positive.
TRANSCRANIAL DOPPLER ULTRASONOGRAPHY
The conventional transcranial Doppler (TCD) technique was used to isolate and identify arteries using the temporal and suboccipital transcranial ultrasonic windows. A DWL EZ-Dop (DWL Elektronische Systeme GmbH, Sipplingen, Germany©) TCD device with a 2-MHz pulsed wave probe was used in all patients. The TCD criteria for cerebral circulatory arrest were: diastolic flow reversal (Oscillating flow, net zero flow) or early systolic forward flow (Systolic spikes), detected in three arteries bilaterally in the anterior circulation and the vertebra-basilar system. Transcranial Doppler Ultrasonography was performed if systolic blood pressure was between ±2 SDS according to age. 4, 5 None of the subjects investigated had signs of hemodynamic failure or shock.
This study was reviewed by the local ethics committee and was exempt from requiring approval.
RESULTS
In this study, 28 patients (8 girls/20 boys) were evaluated. The median age was 72 months (10-210 months). Two patients were under one year of age. The duration of hospital stay was 2-22 (median=6) days. The underlying illnesses of the patients were as follows: car or motorcycle accident (43%) (n=12), tumor in central nervous system (11%) (n=3), drowning (10%) (n=3), trauma (4%) (n=2), cerebral palsy (4%) (n=1), upper airway tract infection (4%) (n=1), syncope (4%) (n=1), foreign body aspiration (4%) (n=1), gunshot wound (4%) (n=1), aspiration (4%) (n=1), meningitis (4%) (n=1), and postoperative complication (4%) (n=1). The reason for brain death was evaluated as follows: asphyxia (46%) (n=13), hemorrhage in the central nervous system (36%) (n=10), increase in intracranial pressure (IICP) (11%) (n=3), and acute hydrocephalus (7%) (n=2). DI existed in 75% (n=21), and hypothermia existed in 50% (n=14) of the patients. The apnea test was positive in 90% (n=25) of the patients. The test was interrupted or not used in three patients because of acute desaturation and hemodynamic deterioration. At least one confirmatory test was used in the patients, when the clinical examination was compatible with brain death. Transcranial Doppler Ultrasonography was performed in 18 (64%) of patients. Cerebral circulatory arrest was observed in 13 of the 18 patients in the first examination. Although cerebral blood flow was observed in the first examination in two patients, cerebral circulatory arrest was observed during the second examination. In these 2 patients, the second TCD Ultrasonography's were evaluated on the fifth and eighth days after the first. The circulatory arrest was proved with cerebral catheter angiography was used in one patient, who had blood flow on Doppler Ultrasonography and 2-5 microvolt activity on an EEG. The EEG was evaluated in four patients, and two of them had cerebral activity amplitudes under 2 microvolts. Flat activity could not be obtained in the other two patients. Therefore, TCD Ultrasonography was used to determine circulatory arrest in these patients. Static single photon emission computerized tomography (SPECT) was used in eleven (40%) patients as a confirmatory test. The donation rate was 46% (n=13). The most commonly transplanted organs were: kidneys (92%) (12/13), liver (84%) (11/13), cornea (23%) (3/13), heart (8%) (1/13), and pancreas (8%) (1/13) in our study (Table 2, Figure 1 ).
DISCUSSION
The criteria for brain death included unresponsiveness, an absence of movement and spontaneous breathing and an absence of the light, oculocephalic, vestibulo-ocular, corneal, palatal and tracheal brainstem reflexes. Before examination; intoxication, hypothermia, usage of sedative analgesics and neuromuscular blocking agents should be excluded, as these may cause this clinical picture. It should be kept in mind that high cervical cord injury, fulminant Guillain-Barre' Syndrome, organophosphate intoxication, baclofen and lidocaine toxicity, and delayed vecuronium clearance have also been reported as clinical mimics of brain death. [6] [7] [8] [9] [10] [11] [12] The clinical evaluation should be performed twice at an interval of 12-24 hours depending on the age of the patient. In our patients, the clinical evaluations were performed twice, 24 hours apart, and all brainstem reflexes were absent in all patients. In our study, twenty-eight patients fulfilled the diagnostic criteria of brain death. We were able to the perform apnea test in twenty-five patients and all of them were positive. The test was interrupted or not used in three patients because of acute desaturation and hemodynamic deteriora- (2) tion. Static SPECT was used in these three patients as a confirmatory test.
Supportive tests are necessary if certain parts of the neurological examination or the apnea test cannot be reliably performed, or their validity is drawn into question. Officially, the recommended tests are conventional angiography, EEG, TCD, Tc99 HMPAO SPECT scan and a bilateral absence of the N20-P22 response to median nerve stimulation (SSEP). 2 The electrical activity in the EEG should be under 2 microvolts for 30 min in order to confirm brain death. 13, 14 Even if it seems reliable and useful, there are several disadvantages in clinical practice. EEG may be inadequate for detecting brain activity in the lower brainstem. The activity may be flat in patients with preserved subcortical function, and EMG artifacts are one of the major problems. [15] [16] [17] Furthermore, 3.6% of patients fulfilling clinical criteria for brain death had EEG activity for up to 168 h in a series of 56 patients. 18 Given these results, the electrophysiological evaluation is not useful as a recommended test in childhood. Electroencephalography was performed in four of our cases diagnosed as brain death. We could not perform the EEG to the remaining twenty-four patients due to the lack of a portable EEG in our clinic. Only two of them had electrical activity <2 microvolts. Additional tests were needed in two patients due to a lack of flat activity.
Transcranial Doppler Evaluation has advantages such as noninvasiveness, rapid application, portability and relatively low price. Its specificity and sensitivity has been reported to be 91-100% and false positive results have rarely been reported. Transcranial Doppler Ultrasonography should be performed if systolic blood pressure is between ±2 standard deviations according to age. [19] [20] [21] [22] [23] The evaluation of intracranial circulation was made in 18 of the 28 patients. Circulatory arrest was observed in 15 of 28 patients in the first or second examination. Three of the 18 patients had evidence of cerebral circulation. The most useful finding for diagnosis was the presence of blood flow in the early period, and the disappearance of acceleration in followup scans. Since brain death is characterized by an intracranial circulatory arrest, conventional TCD Ultrasonography appears to be the most promising method with easily application at the bedside. There were three patients in our study in which arterial flow was determined in the cerebrum. The underlying conditions of brain death in these patients were asphyxia, subarachnoid hemorrhage and increased intracranial pressure syndrome. All of these patients had positive apnea tests when we performed TCD. If the criterion of brain death is defined as circulatory arrest, then these three patients were still alive, even though they had clinical signs of brain death. On the other hand, we observed that two patients had a circulatory arrest in the second evaluation (on fifth and eighth days after the first) of cerebral blood flow. It has been shown that total circulatory arrest was confirmed within 2 hours of clinical diagnosis in adults. 24 The clinicians should define the timing of TCD to confirm brain death, or should reevaluate if the clinical findings suggest brain death. Further studies are needed about the timing of TCD, especially in childhood.
Conventional 4-vessel angiography is another technique used to assess intracranial circulation. It has limitations, such as nephrotoxicity, difficulty in transporting the patient to the radiology unit and a long duration of performing the technique. This technique was used and cerebral circulatory arrest observed in one of our patients, who had blood flow in Doppler Ultrasonography and 2-5 microvolt cerebral bioelectric activity on an EEG. The most accurate information indicating brain death is obtained by showing the absence of brain blood flow. The lack of intracranial radionuclide activity on static SPECT images, creating a socalled ''hollow skull'' appearance, is indicative of brain death. The nasal area lights up due to well capillary circulation and is the so-called ''hot nose sign''. The rates of residual flow were reported to vary widely from 3 to 40%. The most commonly encountered problem with SPECT studies that they may be negative early on in the setting of brain death, and thus possibly delay the diagnosis. [26] [27] [28] [29] We also used SPECT in 11 (39%) patients as a confirmation test of brain death.
In our cohort, brain death mostly occurred after asphyxia (46%), and hemorrhage in the central nervous system (36%). The most common underlying mechanism of injury was car or motorcycle accidents (43%). In a published report, it has been shown that the most frequent cause of brain death in children is traumatic brain injury (30%) caused by child abuse and motor vehicle accidents. The other causes are central nervous system infection (16%), asphyxia (14%) drowning (9%) and sudden infant death (5%). 30 Our results therefore matched those found in previous literature.
The loss of neuroendocrine function, such as in DI, must be treated to increase the success of organ donation. 31 The underlying pathophysiologic mechanism of central DI is likely to be a failure of the hypothalamic-hypophyseal tract that decreases the production of antidiuretic hormone. In experimental animal studies, a significant decrease in hypophyseal hormone production was observed 15 minutes after brain death. The rate of DI was 75% (n=21) in our study, and most of them (16 patients) occurred in the last 4 days before the diagnosis of brain death. Similar to our results, Dosemeci et al showed that the rate of DI was 78.7% in adults. 32 It has been shown that high serum sodium concentrations and increased plasma osmolality in brain dead kidney and liver donors adversely affect long-term graft function. 33 In another study, it has been published that hypernatremia may be independent marker of the severity of brain injury and an independent prognostic indicator of death. 34 The dose of desmopressin should be determined according to the patient's hourly urine output and the serum sodium level should be decreased and controlled until the diagnosis of brain death was confirmed. Given these results, if the clinician considers brain death and observes DI they should accelerate the confirmatory tests and treat hypernatremia immediately with desmopressin to protect the organs.
Hypothermia occurs in about 50% of children who are comatose after critical brain injury. 31 Dosemeci et al showed that the hypothermia rate was 48.9%. 32 The beneficial and neuroprotective effects of hypothermia were previously demonstrated in hypoxic ischemic and traumatic brain injury and cardiopulmonary arrest in childhood. [35] [36] [37] Hypothermia was present in fourteen patients (50%) in our study and was mostly observed in the 90 hours period before the diagnosis of brain death.
The donation rate was 46% (n=13) in our study. The transplanted organs were kidneys (92%), liver (85%), cornea (23%), heart (8%), and pancreas (8%) respectively. Dosemeci et al reported that the donation rate was 53.2% (pediatric and adult together) in their intensive care unit. 32 Parental consent rates for donation were found by Tsai et al. and Webster et al. to be 63% and 69%, respectively, in North American brain-dead children. [38] [39] Brierley found a 58% parental consent rate in brain-dead children in the United Kingdom (2006) (2007) . 40 The reasons for the low rate of organ donation are a lack of adequate diagnostic criteria, as well as cultural and religious factors.
CONCLUSION
We observed that serial Doppler Ultrasonography and SPECT were more advantageous than other techniques for the diagnosis of brain death in our study. TCD is useful due to its noninvasiveness, rapid application, ease of use, bedside operation and portability, lack of disturbance from sedatives, repeatability and relatively low price. We conclude that DI may be an indicator of brain death; and if clinicians observe DI, confirmatory tests should be performed and DI should be treated immediately.
